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PROBLEM TO BE SOLVED: To provide the methods tor producing high purity silicone raw nnaterial 
powder and high purity silicone ingot usabEe for silicone for solar cell. SOLUTION: A solid prepared by 
removing liquids from silicone sludge generated in slicing process of a silicone mgot into a wafer is used as 
raw material. The silicone raw material powder is obtained by renftovJng the impurities in the solid in a 
signal process or a combination of the processes, where the solid is immersed in an acid soJutlon and a 
magnetic separation in a magnetic field especialty >=1T or two step separation using a magnetic field <=1T 
and a magnetic field >=1T, etc,, is carried out, and successively washing and drying. This ^Icone raw 
material powder or pellets produced by pressing the powder are put Into a high purity molten silicone bath, 
or whole or a part of powder is blown in with Ar or HI2 gas, melted and coagulated in one direction to give a 
high purity silicone ingot. 
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* NOTICES * 



JPO and INPiT are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** 5hQv\^5 the word which can not be translated, 
3. In the drawings, any words are not translated. 
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CLAIMS 



{Claim(s)] 

[Claim 1]Are made from silicon sludge which uses as the main ingredients silicon by which it is generated 
when slicing a silicon ingot and processing it into a silicon wafer, A manufacturing method of an acid- 
dipping process of this solid content being immersed in an acid solution, and removing an impurity after 
separating solid content from this raw material, and silicon precursor powder for solar cells passing 
through washing and a drying process further. 

[Claim 2]Are made from silicon sludge which uses as the main ingredients silicon by which it is generated 
when slicing a silicon ingot and processing it into a silicon wafer, A physical separation process of 
removing an impurity from thjs solid content by a physical means after separating solid content from this 
raw material, an acid-dipping process of it being immersed subsequently to an acid solution and 
removing an impurity, and a manufacturing method of silicon precursor powder for solar cells passing 
through washing and a drying process further. 

[Claim 3]Are made from silicon sludge which uses as the main ingredients silicon by which it is generated 
when slicing a silicon ingot and processing it into a silicon wafer, A manufacturing method of silicon 
precursor powder for solar cells passing through washing and a drying process further through a 
magnetic-separation process of passing inside of a magnetic field beyond 1T for this solid content, and 
separating an impurity after separating solid content from this raw material. 

[Claim 4]Are made from silicon sludge which uses as the main ingredients silicon by which it is generated 
when slicing a silicon Ingot and processing it into a silicon wafer, A manufacturing method of a magnetic- 
separation process of passing inside of a magnetic field beyond 1T for this solid content, and separating 
an impurity after separating solid content from this raw material, an acid-dipping process of it being 
immersed subsequently to an acid solution and separating an impurity, and silicon precursor powder for 
solar cells passing through washing and a drying process further 

[Claim 5]A manufacturing method of the silicon precursor powder for solar cells according to claim 3 or 4, 
wherein said magnetic-separation process is a two-step magnetic-separation process of passing inside 
of a magnetic field beyond IT after passing inside of a magnetic field below 1T, or a magnetic field 
beyond 1T for this solid content and also. 



[Claim 6]A manufacturing method of the silicon precursor powder for solar cells according to claim 3, 4, 
or 5, wherein formation of a magnetic field more than said 1T is based on a superconductivity magnet. 
[Claim 7]Silicon precursor powder obtained considering silicon sludge generated when slicing a silicon 
ingot and processing it into a silicon wafer as a raw material. Or a manufacturing method of a silicon 
ingot for solar cells considering it as an ingot according to a melting process which supplies a silicon 
material pellet obtained from this silicon precursor powder to a fused high-purity-silicon bath, and is 
dissolved, and a coagulating process which solidifies melted silicon by unidirectional solidification. 
[Claim 8]A manufacturing method of the silio^n ingot for solar cells according to claim 7, wherein said 
melting process blows all of this silicon precursor powder, or one copy into a melting high-purity-siiicon 
bath with inactive gas or hydrogen gas. 

[Claim 9]A manufacturing method of the silicon ingot for solar cells according to claim 7 or 8 with which 
said silicon precursor powder is manufactured by the manufacturing method according to claim 1, 2, 3, 4, 

5, or 6. 
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[Translation done.] 
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JPO arxi INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJEspecialiy this invention relates to the manufacturing method of the high purity 
silicon which can be used as a raw material of the silicon for solar ceils about manufacture of high purity 
silicon. 
[00021 

[Description of the Prior Art] In recent years, from the demand of diversification of an energy source, 
photovoltaics is brought into the limelight and research and development are briskly done towards 
utilization of a low-price power plant. In such a situation, as a raw material for solar ceils, silicon is a 
material which is the easiest to be used widely, and, moreover, importance is most attached to it as a 
material used for the electric power supply for power 

[0003]The silicon which can serve as a raw material of a solar cell is purity. It is not less than 99.9999%, 
and is specific resistance. A high grade called 0.5-1 0-ohmcm (it converi:s into B concentration in silicon, 
and is 0.2 ppm or less) is demanded. 

The substandard article by which it is generated when the high purity silicon used by semiconductor 
industry or the substrate for IC is manufactured conventionally is used. 
However, the high purity silicon for semiconductors is expensive, and there are few yields of a 
substandard art:icle, and quantity has a limitation. From now on, the Increase in a solar cell is expected 
and reservation of the silicon source for solar cells has been important SUBJECT. 
[0004]Since it is such, the method which is moreover stabilized and can supply the silicon for solar cells 
cheaply is examined, and many proposals are made. For example, as a method of manufacturing the 
above-mentioned high purity silicon from commercial silicon (purity 99.5wt%), About metallic impurity 
elements, such as aluminum, Fe, and Ti, unidirectional solidification refining using a solid-liquid 
distribution coefficient being small removes, and about C. When it is SIC, deposit the surface in the case 
of coagulation, and when dissolving, it removes as CO, On the other hand about P, decompression 
removal is carried out using steam pressure being high, and the method of removing by Ar plasma 
dissolution whjch added H-0, CO^, or O^ is proposed about B, 



[0005] However, in the above-mentioned manufacturing method, the removing methods of each impurity 
element differed, respectively, and there were problems, such as a fall of the yield by the loss at the time 
of a process shifting not only to becoming complicated but to a next process. On the other hand, P in the 
metal silicon of marketing by these days and electron beam melting, Ca, It is reported that simultaneous 
removal of aluminum, C, and B is possible (ISIJ Intrernational, Vol.32 (1992), No.5, P.635 to P,642), and 
simplification of the manufacturing process is expected. However, this is a thing of the grade that B 
concentration in silicon decreased to about 10 ppm, 

Below B concentration made into the target as solar cell silicon is not reached. 

[0006]On the other hand, although the way unidirectional solidification refining using electron beam 
melting removes an impurity is proposed by JP,H5-124809,B, Unidirectional solidification refining was 
difficult for the mechanisms of refining performing efficient removal of B etc. which are impurities with the 
solid-liquid distribution coefficient near 1 unlike refining by evaporation. For example, blow powdered 
silica into molten-metal silicon, JP,5-31488,B is made to generate SiO gas, and the method of making 
high purity silicon profitably like is proposed by returning to metal Si within the layer with which the 
reducing agent filled up ** SiO gas. 

[00Q7]The silicon for metallurgy Is fused as a starting material, while flying an arc to inter-electrode 
[ which was provided in melted silicon and the upper part ], to JP,H5-246706,A, it refines inactive gas 
and by adding a oxidizing gas preferably, and the method of obtaining high purity silicon is proposed. 
However, it is difficult to remove B and P in silicon, the actual condition is have not shifted to industrial 
production, and the problem that it is stabilized cheaply and the source of high purity silicon for obtaining 
a high-purity-silicon board cannot be secured is left behind. 
[0008] 

[Problem(s} to be Solved by the lnvention]This invention solves an aforementioned problem 
advantageously and an object of this invention is to propose the manufacturing method of the silicon 
ingot which can obtain the high purity silicon for solar cells using the silicon precursor powder used as 
the raw material of the high purity silicon for solar c^lls or a pellet, these precursor powder, and a pellet. 
I0009J 

[Means for Solving the Problem]This invention persons osnstltuted this Invention, as a result of 
examining a utilizing method of sludge wholeheartedly as a silicon source paying attention to silicon 
sludge discarded conventionally. Namely, this invention is made from silicon sludge which uses as the 
main ingrediente silicon by which it is generated when slicing a silicon ingot and processing it into a 
silicon wafer, An acid-dipping process of this solid content being immersed in an acid solution, and 
removing an impurity after separating solid content from this raw material, A physical separation process 
of being a manufacturing method of silicon precursor powder for solar cells passing through washing and 
a drying process furthermore, and removing an impurity from this solid content by a physical means after 
separating solid content from silicon sludge, Subsequently, they are an acid-dipping process and a 
manufacturing method of silicon precursor powder for solar cells which passes through washing and a 
drying process further. Even if a magnetic-separation process which passes inside of a magnetic field 



beyond IT is used for this invention as a process of removing an impurity from tills solid content, 
subsequently an acid-dipping process may be used for it witli a magnetic-separation process which 
passes inside of a magnetic field beyond IT. It is good also as a two-step magnetic-separation process 
that said magnetic-separation process passes inside of a magnetic field beyond IT In this invention after 
passing inside of a magnetic field below 1T, or a magnetic field beyond IT for this solid content, and, as 
for formation of a magnetic field more than said IT, it is desirable to use a superconductivity magnet. 
Silicon precursor powder manufactured by a method which this invention described above. Or it is a 
manufacturing method of a silicon ingot for solar cells considering it as an ingot according to a melting 
process which supplies a silicon material pellet which hardened this silicon precursor powder to a fused 
high-purity-silicon bath, and is dissolved, and a coagulating process which solidifies melted silicon by 
unidirectional solidification. Said melting process of this invention is good also as a melting process 
which blows all of this silicon precursor powder, or one copy into a melting high-purity-silicon bath with 
inactive gas or hydrogen gas. 
[0010] 

[Embodiment of the Inventionjln this invention, silicon sludge is used as a raw material. Silicon sludge is 
generated, when slicing a silicon ingot and processing it into a silicon wafer. On the occasion of this slice, 
tens of% of silicon serves as cutting waste by end cost. Since impurities increased in number, the sludge 
generated at this time was discarded conventionally [ all ]. The high-purity-silicon powder by which it is 
generated in it when cutting an ingot in this sludge, and the alumina by which it is generated by wear of 
the edge of a cutting machine, etc. at the time of cutting, Impurities, such as corundum, iron oxide^ iron 
hydroxide, silica, bariumi oxide, magnesium oxide, Cu, and C, mix physically, and serve as slurry form. 
[001 1]Silicon sludge removes the cutting oil first contained in a slurry, and separates solid content, such 
as silicon powder. Silicon sludge may grind if needed. When the viscosity of a slurry is low, it is preferred 
to apply and separate into the filter press or a centrifuge. When the viscosity of a slurry is high, since the 
fluid which can serve as a solvent of cutting oil, such as warm water, is added to a slurry and viscosity is 
reduced, it is desirable to perform the same separation as the above. When removal of cutting oil is 
insufficient, it is good to melt again the solid content produced by dissociating at the time of a solvent, to 
consider it as slurry form, and to repeat separation. 

[0012]The cutting oil of a silicon ingot has the desirable cutting oil of water solubility [ lessen / 
environmental problems, such as making the above-mentioned separation work easy or effluent 
processing, ]. Next, an impurity is separated from solid content. As one of the separation methods, an 
acid-dipping process is taken by this invention. Using an acid solution, solid content is supplied in an acid 
solution and an impurity is removed. A metal Impurity especially Cu, and Fe are removed by processing 
by this acid solution. A hydrochloric acid aqueous solution or the mixed water solution of chloride and 
nitric acid is preferred for the acid used here. Especially the concentration of solution has a 5-20 vol% 
hydrochloric acid aqueous solution and a preferred 5-20 vol% chloride+l-10vol% nitric acid mixed water 
solution. 

[001 3]A physical means may be used and an impurity may be removed, Especially as a physical means, 
although not linrlited, in especially this invention, particle classification, flotation, and magnetic separation 



1 



are preferred. These may be applied independently or it may apply combining these. A physical means 
and acid dipping may be combined. It is the way the specific gravity or weight separates particles, a 
sedimentation method and a centrifuge method are preferred for a particle classification also in the 
method of separating by a wet type especially in this invention, and a clear decollator (clarifier) and 
precipitate concentration device (thickener) or the separator of a centrifugal type is preferred for it, 
[0014]Thereby, refractories, the coarse-grain impurity from a cutting tool, carbon, copper, and SIC are 
mainly disengageable among impurities. Flotation is the way control the wetting of a solid surface using 
the adsorption in solution, and air bubbles separate particles. The pH of a solution is controlled, or a 
collector is added and it dissociates further using a depressant and an active agent. Thereby, carbon and 
SiC can mainly dissociate, 

[00 15] It is going to separate magnetic separation within an uneven magnetic field using the difference of 

the magnetism of particles. Generally, when a dispersoid and carrier fluid exist, it is relative 

* 

magnetization M . [0016] 
[Equation 1] 

9 (z p -ar f ) 

M-^= ■ — H 

[0017]here - chi^: - bulk susceptibility chi^ of a dispersoid - bulk susceptibility H of carrier fluid : What is 

shown by magnetic field strength is known well Also in space with magnetization inclination, the 
magnetic force proportional to relative magnetic susceptibility and inclination generates the mixed 

particles, and the power can separate. The magnetic force of the size of F**M **H occurs. If even one 
step of magnetic separations are used together with other separation methods, high-purity-sillcon 
precursor powder can be obtained. However, by the substance of feeble magnetism, an upper type is 

* -5 

approximated by M =(chi - chi.) H. For example, underwater chi of ALO^ has only an order of 10 , and 
is small double figures as compared with chip (order of 10' ) of ferromagnetic substance ^^^y The 

separation between them was impossible for other feeble magnetism substance chi to the 10 order. 

[0018]Since magnetizing force cannot overcome Brownian motion in the case of particles especially with 
small particle diameter, separation is difficult. Then, after performing magnetic separation which have a 
magnetic field below IT, or a magnetic field beyond IT In this invention and separating a ferromagnetic 
impurity, it is preferred to apply magnetic separation which have a magnetic field beyond IT. In one step 
of magnetic separations, it is because a substance of feeble magnetism, such as AlgO^^, is inseparable. 

[0019]This becomes separable [ alumina and a phosphorylation thing ]. A magnetic field is fomied in 
magnetic separation which have a magnetic field beyond IT still more preferably using a 
superconductivity magnet. Pour a fluid to be dissociated in a strong magnetic field formed during 
magnetization of a super-conductive magnet, very small particles are made to adhere to a filament 
according to electromagnetic force, and separation of feeble magnetism particles is enabled. 
[0020]By the above-mentioned process, after removing an impurity in solid content, it is considered as 



silicon precursor povvder through a drying process which is washed further with water and dried. Silicon 
precursor powder after drying is usually fines of 50 micrometers or less (-320 meshes). This silicon 
precursor powder has not less than 99.99% of purity. Although a granular material may still be sufficient 
as siiicon precursor powder, it is good also as a silicon material pellet which was corned and was made 
into a pellet type. 

[0021] Drawing 1 is process drawing showing one example of a manufacturing process of silicon 
precursor powder. Thus, manufactured silicon precursor powder or a silicon material pellet is supplied to 
a high-purity-silicon bath fused beforehand, unidirectional solidification is dissolved and carried out to it, 
and an ingot is manufactured. As for the dissolution, it Is prefen-ed under inert atmospheres, such as Ar, 
to carry out in a silica crucible. 

[0022Jalthough it may carry out in an inert gas atmosphere when throwing siliron precursor powder into a 
silicon bath ~ Ar or - the -- if a part is all blown during a silicon bath, carbon in silicon is removable by 

oxygen of an oxide film on the surface of precursor powder. Since an impurity with insufficient removal 
and an impurity mixed from refractories etc. in a melting process are contained in fused silicon, silicon 
after melting is solidified with an unidirectional solidification process, an impurity is brought together in a 
last solidified part, and cutting removal is carried out after sotidifying this. Two or less mm/min is 
desirably suitable for coagulation speed in unidirectional solidification at this time 5 or less mm/min. 
[0023]When purity of melted silicon is low, for reduction of B, Ar plasma dissolution which added H O, 

CO , and O can remove further, for example. To in that case, inside of plasma gas It is preferred to add 

H O not more than 10vol%, C0„, and O2. A manufacturing process of a silicon ingot is shown in drawing 

2. 

[0024] 
[Example] 

[Working example 1] The silicon sludge (solid content) which centrifuges silicon sludge when the 
monocrystal substrate for semiconductors is sliced after a crack in warm water, separates cutting oil, and 
is shown in Table 1 was obtained. After 5 kg of the above-mentioned solid content is immersed in the 
mixed acid aqueous solution 51 containing HCI 10vol %+HNO 5 vol%, it is rinsed, and it dries, and is 

silicon precursor powder. 4.5 kg was obtained. The concentration of the impurity of this silicon precursor 
powder is shown in Table 1 . 

[0025]Next, it is this silicon precursor powder. 4.5 kg was supplied on the bath surface of the high purity 
silicon (3 kg) for semiconductors which dissolved in the silica crucible heated by 1500 ** in Ar 
atmosphere, and it dissolved. They are the obtained melted silicon and 7.2 kg. 
It cast to the graphite mold which coated this with silica, and heated from the upper part, and 
unidirectional solidification was carried out at the rate of 1 mm/min by cooling from the lower part. 
After coagulation, cutting removal of 15% of the upper part of an ingot was carried out, and 6.1kg silicon 
was obtained. The purity of the obtained silicon Ingot is shown in Table 1 . It is purity sufficient as silicon 
for solar cells, and about 70% of silicon sludge (solid content) is able to use as silicon for solar cells. 
[0026]What supplied to the high-purity-silicon bath, dissolved, separates liquid from sludge and used 



[ unidirectional solidification only of the dry solid content was carried out, and ] It as the ingot was made 
into the comparative example. A cxsmparative example has many impurities, such as C, Fe, and Cu. 
[0027] 
[Table 1} 
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[0028][Working example 2] Silicon precursor powder obtained like working example 1 After supplying 5.0 
kg on the bath surface of the high purity silica (3 kg) for semiconductors dissolved by the silica cmcible 
heated at 1500 ** in Ar atmosphere and dissolving, Furthermore, the silicon precursor powder 500g was 

J. 

blown into melted silicon with Ar gas using the silica tube. Melted silicon obtained since the splash 
occun-ed by gas blowing in at this time It was 7.1 kg. It cast to the graphite mold which coated this with 
silica, and heated from the upper part, and unidirectional solidification was carried out at the rate of 1 
mm/min by cooling from the lower part. After coagulation, cutting removal of 15% of the upper part of an 
ingot was carried out, and a 6-kg silicon ingot was obtained. The obtained silicon Ingot Impurity analysis 
value is shown In Table 2. The carbon content in the silicon Ingot obtained eventually was set to 5 ppm 
or less. It has purity sufficient as silicon for solar cells. The quantity of the silicon obtained eventually Is 
equivalent to 60% of silicon precursor powder. 
[0029] 
[Table 2] 
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[0030][Working example 3] Silicon sludge when the monocrystal substrate for semiconductoirs was sliced 
was Immersed in wami water, the centrifuge separated the fluid, and the silicon sludge (solid content) of 
the same purity as the purity shown in Table 1 was obtained. After giving the magnetic separation of the 
2nd step In the magnetic field which generated the above-mentioned silicon sludge (solid content) with 
the superconductivity magnet of 3T after giving magnetic separation in the magnetic field of 0.8T, It 
rinsed and dried and silicon precursor powder was obtained. The impurity analysis value of this silicon 
precursor powder is shown in Table 3. 

[0031 [Next, the silicon Ingot was manufactured using the obtained silicon precursor powder. 5 kg of 
silicon precursor powder was thrown in on the bath surface of the high purity silicon (3 kg) for 



semiconductors which dissolved by the silica crucible, and it dissolved. The obtained melted silicon was 

cast to the graphite mold coated with silica, and unidirectional solidification was canied out at the rate of 

2 mm/min. Cutting removal of the ingot upper part was carried out after coagulation. 

[0032]The impurity analysis value of the obtained ingot is shown in Table 3. Removal reduction is fully 

carried out and the impurity has purity sufficient as silicon for solar cells. 

[0033] 

[Table 3] 
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[0034][Working example 4] Silicon sludge when the monocrystal substrate for semiconductors was sliced 
was Immersed in wamri water, the centrifuge separated the fluid, and the silicon sludge (solid content) of 
the same purity as the purity shown in Table 1 was obtained. After giving the magnetic separation of the 
2nd step in the magnetic field which generated the above-mentioned solid content with the 
superconductivity magnet of 3T after giving magnetic separation in Oie magnetic field of 1.5T, it was 
immersed into a 20% hydrochloric acid aqueous solution, and the impurity was removed. Then, after 
removing an acid solution, it rinsed and dried and silicon precursor powder was obtained. The impurity 
analysis value of this silicon precursor powder is shown in Table 4. 

[0035]Next, the silicon ingot was manufactured using the obtained silicx)n precursor powder 5 l<g of 

silicon precursor powder was thrown in on the bath surface of the high purity silicon (3 kg) for 

I. ' 

semiconductors which dissolved by the silica crucible, and it dissolved. The obtained melted silicon was 

cast to the graphite mold coated with silica, and unidirectional solidification was carried out at the rate of 

2 mm/min. Cutting removal of the ingot upper part was carried out after coagulation. 

[0036]The impurity analysis value of the obtained ingot is shown in Table 4. Removal reduction is fully 

carried out and the impurity has purity sufficient as silicon for solar cells. 

[0037] 

[Table 4] 
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[0038][Work[ng example 5] After silicon sludge when the monocrystal substrate for semiconductors was 
sliced was immersed in warm water, it was considered as silicon sludge (solid content) with the 
centrifuge. This solid content was immersed into 20 more%HCI solution, after giving magnetic separation 
in the magnetic field of 1 .5T, and the impurity was removed. Then, after removing an acid solution, it 



rinsed and dried and silicon precursor powder was obtained. The impurity analysis value of this silicon 
precursor powder is shown in Table 5. 

[0039]Next, the silicon ingot was manufactured using the obtained silicon precursor powder. Silicon 
precursor powder was thrown in on the bath surface of the high purity silicon for semiconductors which 
dissolved by the silica crucible, and it dissolved. Melted silicon was cast to the graphite mold coated with 
silica, and unidirectional solidification was carried out at the rate of 1 mm/min. Cutting removal of the 
ingot upper part was carried out after coagulation. The impurity analysis value of the obtained ingot is 
shown in Table 5, 
[0040] 
[Table 5] 





B 


p 


Fe 


Cu 


C 


m « 




0.3 


0.3 


250 


lOQ 


20 


mm 




aa 


ill 


< 1 


< 5 


<5 





[0041] 

[Effect of the Invention] By this invention, sludge of the semiconductor silicon thrown away conventionally 
can use it as a raw material for solar cells, it is stabilized and a raw material required for a solar cell can 
be secured now, 

[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
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TECHNICAL FIELD 

[Field of the lnvention]Especially this invention relates to the manufacturing method of the high purity 
silicon which can be used as a raw material of the silicon for solar cells about manufacture of high purity 
silicon. 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art]in recent years, from the demand of diversification of an energy source, 
photovoltalcs is brought into the limelight and research and development are briskly done towards 
utilization of a low-price power plant. In such a situation, as a raw material for solar cells, siliopn is a 
material which is the easiest to be used widely, and, moreover, importance is most attached to it as a 
material used for the electric power supply for power. 

[0003]The silicon which can serve as a raw material of a solar cell is purity. It is not less than 99.9999%, 
and is specific resistance. A high grade called 0.5-1 0-ohmcm (It converts into B concentration in silicon, 
and is 0.2 ppm or less) is demanded. 

The substandanJ article by which It is generated when the high purity silicon used by semiconductor 
Industry or the substrate for IC is manufactured conventionally is used. 
However, the high purity silicon for semiconductors is expensive, and there are few yields of a 
substandard article, and quantity has a limitation. From now on, the increase In a solar cell is expected 
and reservation of the silicon source for solar cells has been important SUBJECT, 
[0004]Since it is such, the method which is moreover stabilized and can supply the silicon for solar cells 
cheaply is examined, and many proposals are made. For example, as a method of manufacturing the 
above-mentioned high purity silicon from commercial silicon (purity 99.5wt%), About metallic impurity 
elements, such as aluminum, Fe, and Ti, unidirectional solidification refining using a solid-liquid 
distribution coefficient being small removes, and about C. When it is SiC, deposit the surface in the case 
of coagulation, and when dissolving, it removes as CO, On the other hand about P, decompression 
removal is carried out using steam pressure being high, and the method of removing by Ar plasma 
dissolution which added HJD, CO., or 0^ is proposed about B. 

[OOOSlHowever, in the above-mentioned manufacturing method, the removing methods of each impurity 
element differed, respectively, and there were problems, such as a fall of tiie yield by the loss at the time 
of a process shifting not only to becoming complicated but to a next process. On the other hand, P in the 
metal silicon of marketing by these days and electron beam melting, Ca, It is reported that simultaneous 
removal of aluminum, C, and B is possible (ISIJ Intrernational, Vol.32 (1992), No.5, P.635 to P.642), and 
simplification of the manufacturing process is expected. However, this is a thing of the grade that B 



concentration in silicon decreased to about 10 ppm. 

Below B concentration made into the target as solar cell silicon is not readied. 

[0006]On the other hand, although the way unidirectional solidification refining using electron beam 
melting removes an impurity is proposed by JP,H5- 1248093, Unidirectional solidification refining was 
difficult for the mechanisms of refining performing efficient removal of B etc. which are impurities with the 
solid-liquid distribution coefficient near 1 unlike refining by evaporation. For example, blow powdered 
silica into molten-metal silicon, JP,5-31488,B is made to generate SiO gas, and the method of making 
high purity silicon profitably like is proposed by returning to metal Si within the layer with which the 
reducing agent filled up ** SiO gas. 

[0007]The silicon for metallurgy is fused as a starting material, while flying an arc to inter-electrode 
[ which was provided in melted silicon and the upper part ], to JP,H5-246706,A, it refines inactive gas 
and by adding a oxidizing gas preferably, and the method of obtaining high purity silicon is proposed. 
However, it is difficult to remove B and P in silicon, the actual condition is have not shifted to industrial 
production, and the problem that it is stabilized cheaply and the source of high purity silicon for obtaining 
a high-purity-silicon board cannot be secured is left behind. 

[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the lnvention]By this invention, sludge of the semiconductor silicon thrown away conventionally 
can use it as a raw material for solar cells, it is stabilized and a raw material required for a solar cell can 
be secured now. 

[Translation done.I 
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TECHNICAL PROBLEM 



[Problem (s) to be Solved by the InventipnJThis invention solves an aforementioned problem 
advantageously and an object of this invention is to propose the manufacturing method of the silicon 
ingot which can obtain the liigh purity silicon for solar cells using the silicon precursor powder used as 
the raw material of the high purity silicon for solar cells or a pellet, these precursor powder, and a pellet. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem]This invention persons constituted this invention, as a result of 
examining a utilizing method of sludge wholeheartedly as a silicon source paying attention to silicon 
sludge discarded conventionally. Namely, this invention is made from silicon sludge which uses as the 
main ingredients silicon by which it is generated when slicing a silicon ingot and processing it into a 
silicon wafer, An acid-dipping process of this solid content being immersed in an acid solution, and 
removing an impurity after separating solid content from this raw material, A physical separation process 
of being a manufacturing method of silicon precursor powder for solar ceils passing through washing and 
a drying process furthermore, and removing an impurity from this solid content by a physical means after 
separating solid content from silicon sludge. Subsequently, they are an acid-dipping process and a 
manufacturing method of silicon precursor powder for solar cells which passes through washing and a 
drying process further. Even if a magnetic-separation process which passes inside of a magnetic field 
beyond IT is used for this invention as a process of removing an impurity fix>m this solid content, 
subsequently an acid-dipping process may be used for It with a magnetic-separation process which 
passes Inside of a magnetic field beyond IT. It is good also as a two-step magnetic-separation process 
that said magnetic-separation process passes inside of a magnetic field beyond IT in this invention after 
passing inside of a magnetic field below IT, or a magnetic field beyond IT for this solid content, and, as 
for formation of a magnetic field more than said 1T, it is desirable to use a superconductivity magnet. 
Silicon precursor powder manufactured by a method which this invention described above. Or It is a 
manufacturing method of a silicon ingot for solar c^Ws considering it as an ingot according to a melting 
process which supplies a silicon material pellet which hardened this silicon precursor powder to a fused 
high-purity-sili(X)n bath, and is dissolved, and a coagulating process which solidifies melted silicon by 
unidirectional solidification. Said melting process of this invention is good also as a melting process 
which blows all of this silicon precursor powder, or one copy into a melting high-purity-silicon bath with 
inactive gas or hydrogen gas. 
[0010] 

[Embodiment of the lnvention]ln this invention, silicon sludge is used as a raw material. Silicon sludge is 
generated, when slicing a silicon ingot and processing it into a silicon wafer. On the occasion of this slice, 



tens of% of silicon serves as cutting waste by end cost Since impurities increased in number, the sludge 
generated at this time was discarded conventionally [ all ]. The high-purity-silicon powder by which it is 
generated in it when cutting an ingot in this sludge, and the alumina by which it is generated by wear of 
the edge of a cutting machine, etc. at the time of cutting, Impurities, such as corundum, iron oxide, iron 
hydroxide, silica, barium oxide, magnesium oxide, Cu, and C, mix physically, and serve as slurry form. 
[001 IJSilicon sludge removes the cutting oil first contained in a slurry, and separates solid content, such 
as silicon powder, Silicon s!udge may grind if needed. When the viscosity of a slurry is low, it is preferred 
to apply and separate into the filter press or a centrifuge. When the viscosity of a slurry is high, since the 
fluid which can serve as a solvent of cutting oil, such as warm water, is added to a slurry and viscosity is 
reduced, it is desirable to perform the same separation as the above. When removal of cutting oil is 
insufficient, it is good to melt again the solid content produced by dissociating at the time of a solvent, to 
consider it as slurry form, and to repeat separation. 

[0012]The cutting oil of a silicon ingot has the desirable cutting oil of water solubility [ lessen / 
environmental problems, such as making the above-mentioned separation work easy or effluent 
processing, ]. Next, an impurity is separated from solid content. As one of the separation methods, an 
acid-dipping process is taken by this invention. Using an acid solution, solid content is supplied in an acid 
solution and an impurity is removed. A metal impurity especially Cu, and Fe are removed by processing 
by this acid solution. A hydrochloric acid aqueous solution or the mixed water solution of chloride and 
nitric acid is preferred for the acid used here. Especially the concentration of solution has a 5-20 vol% 
hydrochloric acid aqueous solution and a prefenred 5-20 vol% chloride-H-10vol% nitric acid mixed water 
solution. 

[001 SJA physical means may be used and an impurity may be removed. Especially as a physical means, 
although not limited, in especially this invention, particle classification, flotation, and magnetic separation 
are preferred. These may be applied independently or it may apply combining these. A physical means 
and acid dipping may be combined. It is the way the specific gravity or weight separates particles, a 
sedimentation method and a centrifuge method are preferred for a particle classification also in the 
method of separating by a wet type especially in this invention, and a clear decollator (clarifier) and 
precipitate concentration device (thickener) or the separator of a centrifugal type is preferred for it. 
[0014iThereby, refractories, the coarse-grain impurity from a cutting tool, carbon, copper, and SiC are 
mainly disengageable among impurities. Flotation is the way control the wetting of a solid surface using 
the adsorption in solution, and air bubbles separate particles. The pH of a solution is controlled, or a 
collector Is added and it dissociates further using a depressant and an active agent. Thereby, carbon and 
SiC can mainly dissociate. 

[0015]lt is going to separate magnetic separation within an uneven magnetic field using the difference of 
the magnetism of particles. Generally, when a dispersoid and canrler fluid exist, it Is relative 

magnetii^tion M . [0016] 
[Equation 1] 

9 (%p f ) 

M-'= H 

{3 + 3tp) (3 + ZfJ 



[001 7]here -- chi : - bulk susceptibility chi^: of a dispersold - bulk susceptibility H of carrier fluid : What Is 

shown by magnetic field strength is known well. Also In space with magnetization inclination, the 
magnetic force proportional to relative magnetic susceptibility and inclination generates the mixed 

particles, and the power can separate. The magnetic force of the size of F**M **H occurs. If even one 
step of magnetic separations are used together with other separation methods, high-purity-siiicon 
precursor powder can be obtained. However, by the substance of feeble magnetism, an upper type is 

* -5 

approximated by M =(chi - chi^ H. For example, undenwater chi of AlgO^ has only an order of 1 0 , and 
is small double figures as compared with chi (order of 10 ) of ferromagnetic substance Fe20g. The 

P 

-5 

separation between them was impossible for other feeble magnetism substance chi to the 1 0 order. 

[00181Since magnetizing force cannot overcome Brownian motion in the case of particles especially with 
smalt particle diameter, separation is difficult. Then, after performing magnetic separation which have a 
magnetic field below 1T, or a magnetic field beyond 1T in this invention and separating a ferromagnetic 
impurity, it is preferred to apply magnetic separation which have a magnetic field beyond IT. In one step 
of magnetic separations, it is because a substance of feeble magnetism, such as MJD^, is inseparable. 

[0019]This becomes separable [ alumina and a phosphorylation thing ]. A magnetic field is formed in 
magnetic separation which have a magnetic field beyond IT still more preferably using a 
superconductivity magnet. Pour a fluid to be dissociated in a strong magnetic field formed during 
magnetization of a super-^conductive magnet, very small particles are made to adhere to a filament 
according to electromagnetic force, and separation of feeble magnetism particles is enabled. 
|0020]By the above-mentioned process, after removing an impurity in solid content, it is considered as 
silicon precursor powder through a drying process which is washed further with water and dried. Silicon 
precursor powder after drying is usually fines of 50 micrometers or less (-320 meshes). This silicon 
precursor powder has not less than 99.99% of purity. Although a granular material may still be sufficient 
as silicon precursor powder, it is good also as a silicon material pellet which was corned and was made 
into a pellet type. 

[0021] Drawing 1 is process drawing showing one example of a manufacturing process of silicon 
precursor powder. Thus, manufactured silicon precursor powder or a silicon materia! pellet is supplied to 
a high-purity-silicon bath fused beforehand, unidirectional solidification is dissolved and carried out to it, 
and an ingot is manufactured. As for the dissolution, it is preferred under inert atmospheres, such as Ar, 
to carry out in a silica crucible. 

[0022}although it may carry out in an inert gas atmosphere when throwing silicon precursor powder into a 
silicon bath - Ar or H2 -- the ~ if a part is all blown during a silicon bath, carbon in silicon is removable by 

oxygen of an oxide film on the suri'ace of precursor powder. Since an impurity with insufficient removal 
and an impurity mixed from refractories etc. in a melting process are contained in fused silicon, silicon 
after melting is solidified with an unidirectional solidification process, an impurity Is brought together in a 



last solidified part, and cutting removal is carried out after solidifying this. Two or less mm/min is 
desirably suitable for coagulation speed in unidirectional solidification at this time 5 or less mm/min. 
[0023JWhen purity of melted silicon is low, for reduction of B, Ar plasma dissolution which added HgO, 

CO-, and ©„ can remove further, for example. To in that case, inside of plasma gas It is preferred to add 

H O not more than 10voi%, CO2, and O^. A manufacturing process of a silicon ingot is shown in drawing 

2. 

[Translation done,] 
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EXAMPLE 

[Example] 

[Working example 1] The silicon sludge (solid content) which centrifuges silicon sludge when the 
monocrystal substrate for semiconductors is sliced after a crack in warm water, separates cutting oil, and 
is shown in Table 1 was obtained. After 5 kg of the above-mentioned solid content is immersed in the 
mixed acid aqueous solution 51 containing HCI 10vol yo+HNO^S vo!%, it is rinsed, and it dries, and is 

silicon precursor powder. 4.5 kg was obtained. The concentration of the impurity of this silicon precursor 
powder is shown in Table 1 . 

[00251Next, it is this silicon precursor powder. 4.5 kg was supplied on the bath surface of the high purity 
silicon (3 kg) for semiconductors which dissolved in the silica crucible heated by 1500 ** in Ar 
atmosphere, and it dissolved. They are the obtained melted silicon and 7.2 kg. 
It cast to the graphite mold which coated this with silica, and heated from the upper part, and 
unidirectional solidification was carried out at the rate of 1 mm/min by cooling from the lower part. 
After coagulation, cutting removal of 15% of the upper part of an ingot was carried out, and 6.1kg silicon 
was obtained. The purity of the obtained silicon ingot is shown in Table 1 . It is purity sufficient as silicon 
for solar cells, and about 70% of silicon sludge (solid content) is able to use as silicon for solar cells. 
[0026]What supplied tp the high-purity-silicon bath, dissolved, separates liquid from sludge and used 
[ unidirectional solidification only of the dry solid content was carried out, and ] it as the ingot was made 
into the comparative example. A comparative example has many Impurities, such as C, Fe, and Cu. 
[0027] 
[Table 1] 
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[0028][Working example 2] Silicon precursor powder obtained like working example 1 After supplying 5.0 
kg on tlie bath surface of tlie high purity silica (3 kg) for semiconductors dissolved by the silica crucible 
heated at 1500 ** in Ar atmosphere and dissolving, Furthermore, the silicon precursor powder 500g was 
blown into melted silicon with Ar gas using the silica tube. Melted silicon obtained since the splash 
occurred by gas blowing in at this time It was 7.1 kg. It cast to the graphite mold which coated this with 
silica, and heated from the Upper part, and unidirectional solidification was carried out at the rate of 1 
mm/min by cooling from the lower part. After coagulation, cutting removal of 15% of the upper part of an 
ingot was carried out, and a 6-kg silicon ingot was obtained. The obtained silicon Ingot Impurity analysis 
value is shown in Table 2. The carbon content in the silicon ingot obtained eventually was set to 5 ppm 
or less. It has purity sufficient as silicon for solar cells. The quantity of the silicon obtained eventually is 
equivalent to 60% of silicon precursor powder. 
[0029] 
[Table 2] 
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[00301[Working example 3] Silicon sludge when the monocrystal substrate for semiconductors was sliced 
was immersed in warm water, the centrifuge separated the fluid, and the silicon sludge (solid content) of 
the same purity as the purity shown in Table 1 was obtained. After giving the magnetic separation of the 
2nd step in the magnetic field which generated the above-mentioned silicon sludge (solid content) with 
the superconductivity magnet of 3T after giving magnetic separation in the magnetic field of 0.8T, it 
rinsed and dried and sili(X)n precursor powder was obtained. The impurity analysis value of this silicon 
precursor powder is shown in Table 3. 

[00311Next, the silicon ingot was manufactured using the obtained silicon precursor powder. 5 kg of 
silicon precursor powder was thrown in on the bath surface of the high purity silicon (3 kg) for 
semiconductors which dissolved by the silica crucible, and it dissolved. The obtained melted silicon was 
cast to the graphite mold coated with silica, and unidirectional solidification was carried out at the rate of 
2 mm/min. Cutting removal of the ingot upper part was carried out after coagulation. 
[0032]The impurity analysis value of the obtained ingot is shown in Table 3. Removal reduction is fully 



carried out and the impurity has purity sufficient as silicon for solar cells. 

[0033] 

[Table 3] 
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[0034][Working example 4] Silicon sludge when the monocrystal substrate for semiranductors was sliced 
was immersed In wamn water, the centrifuge separated the fluid, and the silicon sludge (solid content) of 
the same purity as the purity shown in Table 1 was obtained. After giving the magnetic separation of the 
2nd step in the magnetic field which generated the above-mentioned solid content with the 
superconductivity magnet of 3T after giving magnetic separation in the magnetic field of 1 .57^ it was 
immersed into a 20% hydrochloric acid aqueous solution, and the impurity was removed. Then, after 
removing an acid solution, it rinsed and dried and silicon precursor powder was obtained. The impurity 
analysis value of this silicon precursor powder is shown in Table 4. 

[0035]Next, the silicon ingot was manufactured using the obtained silicon precursor powder. 5 kg of 

silicon precursor powder was thrown in on the bath surface of the high purity silicon (3 kg) for 

semiconductors which dissolved by the silica crucible, and it dissolved. The obtained melted silicon was 

cast to the graphite mold coated with silica, and unidirectional solidification was carried out at the rate of 

2 mm/min. Cutting removal of the ingot upper part was carried out after coagulation. 

[OOSSJThe impurity analysis value of the pbtained ingot is shown in Table 4. Removal reduction is fully 

carried out and the impurity has purity sufficient as silicon for solar cells. 

[0037] 

[Table 4] 
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[0038][Working example 5] After silicon sludge when the monocrystal substrate for semiconductors was 
sliced was immersed in warm water, it was considered as silicon sludge (solid content) with the 
centrifuge. This solid content was immersed into 20 more%HCI solution, after giving magnetic separation 
in the magnetic field of 1 .5T, and the impurity was removed. Then, after removing an acid solution, it 
rinsed and dried and silicon precursor powder was obtained. The impurity analysis value of this silicon 
precursor powder is shown in Table 5, 

[0039] Next, the silicon ingot was manufactured using the obtained silicon precursor powder. Silicon 
precursor powder was thrown in on the bath surface of the high purity silicon for semiconductors which 



dissolved by the silica crucible, and it dissolved. Melted silicon was cast to the graphite mold coated with 
silica, and unidirectional solidification was carried out at the rate of 1 mm/min. Cutting removal of the 
ingot upper part was carried out after coagulation. The impurity analysis value of the obtained ingot is 
shown in Table 5. 
[00401 
[Table 5] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] lt is process drawing showing an example of a process which manufactures the silicon 
precursor powder of this invention, 

[Drawing 2] It is process drawing showing an example of a process which manufactures the silicon ingot 
of this invention. 
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[Drawing 2] 
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[Drawing 1] 
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